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Computer-Based  Methodology  For  System  Development: 
Site  Production  And  Reduction  System* 

E.  Nevlands,  G.  L.  Grace 
System  Development  Corporation 


1.0  Introduction 


Consider  systems  as  synthetic  organisms,  Isomorphic  to  true  organisms.  Systems 
develop,  grow,  learn,  decay,  cuid  die.  For  man-machine  systems  to  develop  they 
must  learn.  Training  and  exercise  are  essentied.  System  development  requires 
both  problem  input  tools  to  stimulate^  exercise  and  evaluation  techniques  to 
provide  feedback.  For  system  learning  to  occur  a  methodological  integrity 
including  problem  input  preparation  and  system  evaluation  must  be  built  into 
system  design. 

Systems  have  long  been  looked  at  by  engineers  from  the  "black  box"  frame  of 
reference  (U) .  The  classic  block  diagram  shows  inputs  entering  and  outputs 
leaving  the  "box."  The  contents  of  the  "box"  becoiae  the  functional  relation¬ 
ship  between  input  and  output.  A  mathematical  relationship  called  a  transfer 
function  describes  the  activity  that  goes  on  within  the  "black  box.”  (See 
Figure  1.) 

Coomiunlcatlons  theorists  and  cyberneticians  have  considered  conmunicatlon 
chtuinels  to  be  descriptive  of  systems.  An  Infoxvatlon  source  transmits  a 
message  to  a  destination.  (See  Figure  1.)  During  this  process  events  may 
occur  and  processes  may  operate  which  affect  the  contents  of  the  message. 
However,  the  accuracy  of  the  transmitted  message,  not  the  adaptability  of  tlw 
system,  Interests  communications  theorists.  An  altered  message  is  to  be  studied 
and  corrected,  not  desired. 

Ccmeaxnlcatlon  systems  are  described  as  possessing  entropy,  the  qjuality  leading 
to  disorganization  and  system  degpradatlon.  Physical  informatloa  is  defined  as 
negative  entropy.  Entropy  becomes  a  critical  construct  relating  engineering 
theory  to  cybernetics.  Rothsteln  writes,  "We  now  consider  another  generalisa¬ 
tion  of  the  entropy  concept  which  makes  precise  the  concept  of  organisation. 

It  turns  out  that  organization  Is  essentially  a  negative  entropy  Just  as  In- 
fozaatlon  is .  We  shall  apply  this  to  system  engineering  design  and  show  that 
its  general  phllosoj^y  becomes  the  same  as  that  of  eamaunication  system  design.” 
(6,  p.3U) 


# 

The  criticism  auod  advice  generously  cmitributed  by  B.  I.  Rlbler,  have  In  a 
large  measure  moulded  the  concepts  presented  in  this  paper.  The  authors 
wish  to  express  their  deep  appreciation  for  his  interest  and  encouragement. 
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Looking  at  systems  from  the  communications  point  of  view,  much  happens  within 
a  system — either  intended  occurrences  such  as  transmitted  messages  or  idienooena 
relative  to  systems  per  se  such  as  noise  or  entropy.  Engineers  assume  some¬ 
thing  occurs  within  the  "black  box,'*  but  they  show  relatively  little  concern 
about  the  contents  of  the  box  so  long  as  a  mathematical  transfer  function 
accurately  and  consistently  describes  the  input-output  relationship. 

Now  let  us  look  at  systems  such  as  living  organisms  from  the  psychologist's 
perspective.  Using  Brid^aan's  (1)  operational  approach,  a  familiar  paradlga 
proves  descriptive  of  much  psychological  methodology.  Psychologists  describe 
the  behavior  of  living  organisms  in  terms  of  intervening  variables  (the 
abstract  level)  defined  and  anchored  into  the  real  world  (the  concrete  level) 
by  antecedent  conditions  and  consequent  conditions.  Accustomed  to  studying 
living  or^mlsms,  psychologist^  have  built  idiole  theories  of  behavior  (9>  7) 
upon  this  simple  methodological  approach.  Concepts  of  growth  and  development, 
sensation,  perception,  concep.,  formation,  learning  and  motivation  have  all 
been  studied  using  this  par^idJi^.  Ve  see  similarities  between  the  approaches 
of  the  engineer,  the  cybernetician,  and  the  psychologist.  Inputs,  information 
sources,  and  antecedent  conditions  look  amazingly  similar.  All  have  a  temporal, 
causal  relationship  to  "black  boxes,"  communication  channels,  or  intervening 
variables.  Similarly,  outputs,  message  destinations,  and  consequent  conditions 
look  alike.  They  all  result  from  activities  occurring  in  am  abstract  entity. 

Following  Brldgnan's  logic  (1),  if  :be  operations  performed  by  engineers  and 
cyberneticians  in  studying  systems  are  like  those  performed  by  psychologists 
studying  living  organisms,  then  the  constructs-transfer  functions,  communi¬ 
cation  channels,  and  intervening  varlables-are  eq4lvalent.  Systmas  and 
living  organisms  can  be  consio>red  operational  equivalents.  The  wealth  of 
theoretical  insight  into  the  behavior  of  organisms  developed  by  psychologists 
cam  be  logically  applied  to  the  study  of  systems .  Properties  exhibited  by 
living  organisms  can  be  loglceilly^attributed  to  the  synthetic  organlsam  we 
cadi  systems.  And  with  proper  translation,  theoretical  constructs  developed 
by  eng^eers  amd  cyberneticians  can  be  related  to  psychologicad  constructs. 

This  paper  describes  a  computer-based  methodology  which  uses  such  inter¬ 
disciplinary  tramslatlon. 

2.0  Biological  Model  for  Systems  Thought 

Following  the  logic  we  have  presented,  let  us  consiter  a  system  as  a  synthetic 
organism.  In  the  volume  Biychological  Principles  of  System  Pevelouynt 
Kennedy  writes,  '%Rien  men  am  machines  are  asMidded  into  a  particular  oper¬ 
ational  system,  the  assemibly  exhibits  development,  involving  stages  similar 
to  birth  (tent  in  the  operationad  envlronswnt),  infancy  (initiad.opazntional 
capability),  maturity  (full  operation  in  relatlm  to  other  systems),  amd 
senescence  (phasing  out  for  obsolesence) .  Possibly  the  term  systM  life 
cycle  mlglit  help  in  dlstlngaishlng  these  developmentad  processes  in  amm- 
machlne  systems  from  their  analogs  in  the  individual  biological  organism." 

Bare  a  lo^tuldlnad  or  genetic  biological  model  has  been  apj^ed  to  systMBS 
thoui^t. 
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We  propose  to  go  a  step  further.  Let  us  lean  upon  another  biological  nodeli 
the  nervous  system,  for  new  insist  into  the  functioning  of  systems.  The 
nervous  system  provides  the  primary  coonunication  network  in  the  living  organism 
The  peripheral  nervous  system  may  be  divided  into  afferent  and  efferent  portions 
The  central  nervous  system  provides  organization  and  direction.  The  nervous 
system  makes  possible  the  hle^er  order,  the  "human -like**  behaviors  which 
organisms  exhibit. 

For  the  synthetic  organism  ^Ich  we  call  a  system  to  exhibit  the  property 
called  learning,  system  designers  must  build  components  analagous  to  the 
nervous  system  Into  the  system.  In  order  to  do  this,  system  designers  must 
first  decide  what  Indispensable  functions  the  nervous  system  provides  living 
organisms  in  order  that  learning  may  take  place. 

The  nervous  system  provides  the  mechanism  which  peimlts  a  living  organism's 
behavior  to  be  consequential.  The  efferent  function  becomes  evaluative  ^en 
related  to  the  afferent  function.  Sezuwtlon  and  perception  of  the  consequences 
of  behavior,  cognitively  Integrated,  produce  the  capability  for  behavior  BX>dl> 
flcatlon.  We  call  this  learning.  The  nervous  system  provides  the  mechanism 
for  feedback  (knowledge  of  results).  And  feedback  (knowledge  of  results)  is 
the  essential  operational  characteristic  for  learning  to  take  place. 

In  The  Use  of  Human  Beings  Wiener  writes  " . .  .feedback  is  a  method  of 

controlling  a  system  by  reinserting  into  it  the  results  of  its  past  performance. 
If  these  restilts  are  merely  used  as  numerical  data  for  the  criticism  of  the 
system  and  its  regulation,  we  have  the  simple  feedback  of  the  control  engineers. 
If,  however,  the  information  which  proceeds  backward  from  the  performance  is 
able  to  change  the  general  method  and  pattern  of  performance,  we  have  a  process 
^ich  may  well  be  called  learning.”  (6,  p.  6I)  In  order  to  build  a  system  in 
which  learning  can  occur,  feedback  capability  must  be  built  in  by  the  system 
deslcpwrs.  The  efferent  subsystem  must  conceptually  and  functionally  tie  back 
into  the  afferent  subsystem.  When  this  feedback  capability  is  built  into  a 
system  by  its  designers,  the  system  contains  the  development  potential  to 
exhibit  that  idiich  psychologists  call  learning. 

3.0  Biological  Itodeled  Cosguter-Based  System 

JUst  as  biological  organisms  constantly  change,  systems,  synthetic  orgmisms, 
also  exist  in  a  constant  state  of  flux.  Change  occurs  rapidly,  making  short 
lead  time  for  preparation  of  training  tools  and  feedback  critical.  As  systems 
grow,  complexity  increases  exponentially.  Lead  time  for  traditi«Bal  methods 
of  problem  ii^ut  generatloi  and  system  evaluation  becomes  proportionally 
longer.  Computer  technology  makes  possible  a  solution  to  the  problem. 

The  Site  Frodaetion  and  Bednetion  System  (SMBS)  provides  supprart  for  System 
Trainiag  iia-s  Large  man-msehlne  air  defense  system,  the  Semi«A»toaa'tie  SrtWid 
fievironsMBt  system  (SASK)  >  TO  be  effsetivs,  air  defense  eoegomeats  ssHit  bi 
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integrated  into  a  conqprehenslve  system.  "A  system  vas  required  idilch  would 
1)  maintain  a  complete ^  up-to-date  picture  of  the  air  and  ground  situations 
over  vide  areas  of  the  country,  2)  control  modem  weapons  rapidly  and  accurately, 
and  3}  present  filtered  pictures  of  the  air  and  weapons  situations  to  the  Air 
Force  personnel  who  conduct  the  air  battle."  (2,  p.  1^) 

In  order  to  cope  with  training  problems  in  a  large-scale  air  defense  system,  a 
computer  program  system,  the  Site  Production  and  Reduction  System  (SPARS),  was 
developed  to  be  operated  by  non-progranner  personnel.  SIARS  requires  minimum 
technical  knowledge  for  operation.  Symbolic,  procedure -oriented  c<»q;)uter 
languages  are  not  required.  The  user  conounlcates  directly  with  the  coegputer 
in  everyday  English  phraseology.  The  conputer  provides  tailored  problem  inputs 
with  short  lead  time.  The  computer  analyzes  data  for  system  evaluation.  The 
system  design  ccmblnes  problem  generation  and  data  reduction  into  an  integral 
cosquter  system. 

In  a  complex  air  defense  system  like  SACS  lAere  failure  in  the  real  world 
becones  unthinkable.  System  Training  using  slnulatlon  techniques  must  be  the 
vehicle  for  system  learning.  Reasoning  from  the  biological  model,  for  system 
learning  to  occur  an  afferent  subsystem  for  simulation  input  preparation  must 
be  concepttially  and  functionally  related  to  an  efferent,  evaluative  subsystem. 

The  capability  for  feedback  must  be  built  into  the  system.  SPURS  is  an  example 
of  a  conqiuter  program  system  built  to  incorporate  such  a  biological  model.  The 
interplay  between  the  afferent  and  the  efferent  subsystems  becomes  the  powerful, 
potentially  automatic  training  innovation  introduced  by  8TASS.  Engineers  call 
systems  exhibiting  feedback  capability  control  systesis.  Let  us  call  a  computer 
program  system  which  incorporates  feedback  capability  a  training  control  cos^ex. 

SPAK  was  envisioned  as  a  training  control  coiq>lex  in  which  output,  data 
reduction  emd  analysis  (the  efferent  subsystem),  is  used  not  only  for  ismiedlate 
feedback  to  air  defense  crews  being  trained  but  also  becomes  an  integral  part 
of  input,  future  problem  design  (the  afferent  subsystem).  Cognitive  integration 
takes  place  within  the  air  defense  system  being  trained. 

4.0  SBkRS  Afferent  Subsystem  (Exercise) 

Let  us  look  operationally  at  the  afferent  subsystem  in  SBkRS.  Since  this 
subsystem  sust  make  possible  desired  system  behavior,  that  1^,  exercise  the 
system  being  trained,  let  us  call  the  afferent  subsystms  the  exercise  sub¬ 
system.  An  exercise  subsystem  is  a  serially  iiqput  and  output  task-oriented 
subsystem.  As  a  functimal  subsystem  directed  toward  proULem  input  tape  and 
aids  production,  it  has  a  goal,  a  desired  output;  it  must  perform  a  Job.  The 
Job  which  the  SIABS  exercise  subsystem  performs  may  be  broken  down  into  five 
functional  modules. 


a.  Fliffet  Generation .  Problem  input  tapes  capable  of  producing  simu- 
latM  radlar  and  symbolic  display  data  for  Systms  TrainiiHi  Nissiaas 
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are  produced  by  the  SSIVRS  generation  functional  module. 

Flle^t  specifications  are  fed  to  the  computer  via  Hollerith  cards. 
Critical  occurrences,  called  stress  events  in  SPABS,  which  are 
designed  to  evaluate  system  behavior  are  specified  by  problem  designers 
as  a  part  of  input  preparation.  Thus,  automated  evaluation  is  built 
into  input  preparation.  Fll^^t  generation  is  accomplished  by  the 
simulation  vehicle  UNISIM,  a  cos^ter  program  system  independent  of 
but  internally  interfaced  with  SIABS. 

b.  Noise.  An  automated  method  for  obtaining  background  noise  (clutter) 
in  a  problem  input  tape  is  provided  in  the  SIARS  noise  generation 
functional  module. 

c.  Tape  Modification.  Vfhen  problem  input  tapes  require  change,  for 
example,  updating,  correction,  or  format  conversion,  the  SPilBS  tape 
modification  functional  module  makes  manipulation  possible. 

d.  Quality  Control.  Information  about  the  contents  of  the  problem  input 
tape,  its  accuracy  and  consistency,  may  be  verified  by  means  of  the 
SIABS  quality  control  functional  module. 

e.  Aids.  System  T  raining  Mission  aids  are  produced  by  the  SBIUS  aids 
functional  module.  Training  aid  listings  of  certain  events  which 
occur  on  problem  input  tapes  are  automatically  produced,  thus  elimi¬ 
nating  hand-scripting  of  these  aids. 

All  of  the  SBhRS  functional  modules  described  above  are  essentlsd  input  prepa¬ 
rations  to  provide  suitable  simulation  tools  for  sir  defense  System  Traiiting 
Missions.  These  functional  modules  must  be  operated  as  a  necessary  aintecedent 
condition  to  exercising  the  air  defense  system.  Exercise  is  the  essential 
requirement  for  system  learning  to  occur.  Therefore,  ue  designate  these  five 
functional  modules  the  exercise  subsystem. 

9.0  sums  Efferent  Subsystem  (Evaluation) 

In  the  same  way  that  exercise  subsystmms  are  task-oriented  functional  systesm, 
efferent  subsystems  —  evaluation  subsystems  —  also  have  a  goal.  They,  too, 
are  serially  input  and  output  subsystems.  Designed  to  perform  a  sln|p.e  function, 
that  is,  evaluate  system  performance  during  the  System  Training  MLssicai,  tha 
SEMIS  evaluation  subsystem  at  present  contains  a  single  functional  nodule 
divided  into  three  parts. 

a.  Synoptic  Processors.  Three  computer  prograam  compose  t)M  SEMIS 

sync^ic  processing  functional  module.  Om  compxter  program  reduces 
the  data  recorded  during  the  System  Training  NUsion  and  provides  a 
tlme-orlMited  printout.  Another  yields  evaluatliNi  and  dtacnostic 
iafomaticm  about  the  parforMUpe  of  SAd  Air  tiigrya^^  craws. 
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Wille  the  third,  a  special  data  processor,  produces  a  weapons  summary 
output  which  provides  a  concise  report  of  the  r<.3ults  of  weapons  com¬ 
mitment  , 

6 .0  SPARS  as  a  Training  Control  Complex 

SPARS  performs  a  training  function.  It  provides  a  computer-based  methodology 
designed  00  that  system  learning  may  occur.  Feedback  is  an  Integral  part  of 
the  conceptual  design.  SPARS  contains  an  exercise  subsystem  and  an  evaluation 
subsystem,  and  operates  in  conjunction  with  air  defense  crews  and  other  computer 
systems  as  a  training  control  complex.  Figure  2  illustrates  this  principle. 

The  system  user  formulates  a  training  problem  and  communicates  with  SPARS  by 
scripting  his  inputs  on  an  80-column  code  sheet .  This  code  sheet  then  becomes 
the  input  to  the  SPARS  exercise  subsystem.  (Human  beings  ancillary  to  Electronic 
Accounting  Machine  (EAM)  and  computer  operation  are  ignored  in  this  broad 
analysis).  The  output  of  SPARS,  the  problem  input  tajje,  becomes  the  input  to 
the  man-machine  complex  called  the  System  Training  Mission.  The  Qutput  of  the 
System  Training  Mission,  a  recording  tape,  becomes  the  input  to  the  SPARS 
evaluation  subsystem.  The  system  user  obtains  the  SPARS  output  in  the  form 
of  printouts  which  he  uses  for  crew  feedback  and/or  debriefing.  Stress  events 
determined  by  the  exercise  system  are  an  axillary  input  to  the  synoptic  pro¬ 
cessors.  These  stress  events  are  categorized.  The  evaluation  pejrformed  is 
subdivided  by  stress  categories  which  serve  as  an  indication  to  guide  the 
emphasis  for  following  problems.  For  maximal  training  effectiveness,  for 
system  learning  to  occur,  the  system  user  must  analyze  SPARS  output  and  In¬ 
corporate  his  findings  into  the  fonmilation  of  the  specifications  for  his 
next  ijroblem  input  tape .  The  formulation  of  ^PAFS  as  a  training  control 
complex  permits~this  computer-based  system  to  provide  a  methodology  for  system 
development,  where  development  is  sj^eclfleally  defined  as  system  learning. 

7.0  Summary  and  Conclusions 

1.  Engineers,  cyberneticians,  and  psychologists  operationally  use  similar 
constructs  in  the  study  of  systems  and  living  organisms.  If  the  oper¬ 
ations  performed  in  the  study  of  constructs  are  equivalent,  then  the 
constructs  themselves  may  be  assumed  equivalent.  Properties  exhibited 

by  and  methods  used  for  studying  living  organisms  can  logically  be  applied 
to  the  study  of  systems . 

2.  For  systems,  synthetic  organisms,  to  learn  as  do  their  living  counterrparts, 
components  similar  to  the  nervous  system  must  be  built  into  them.  A 
biologically  modeled  system  capable  of  learning  requires  an  afferent  sub¬ 
system,  a  locus  for  cognitive  integration,  an  efferent  subsystem,  and  an 
Integral  provision  for  feedback. 
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3.  As  a  computer  program  system  SPMS  contains  an  afferent  or  exercise  sub¬ 
system  and  an  efferent  or  evaluation  subsystem.  Looking  at  SPMtS  as  a 
training  control  coiiq;>lex,  the  afferent  and  efferent  subsystems  are  related 
circularly  to  the  locus  for  cognitive  integration  (the  (dr  defense  System 
Training  Mission)  and  to  each  other  by  means  of  system  user  feedback 
channels.  In  the  larger  sense  SIAR3  functions  as  a  training  control  com¬ 
plex.  Using  the  deslffi  methodology  developed  in  SIABS,  synthetic  organisms 
(systems)  may  be  provided  the  capability  to  leam.  This  capability  possesses 
the  potential  for  automation.  Thus  SPARS  is  in  the  forefrmt  of  technologi¬ 
cal  advance  by  providing  a  cooqputer-based  methodology  for  system  develop¬ 
ment  . 
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Unclassified  report 


DESCRIFTORS:  Bionics. 

Reports  that  engineers,  cyhemeticians, 

and  psjrchologists  operationally  use 

sioilar  constructs  in  the  study  of  URCSiASSlFZSD 


systeas  and  living  organiaas.  Also  UMCLASSUIID 

reports  that  if  the  operations 

perforaed  in  the  study  of  constructs 

are  equivalent,  then  the  constructs 

aay  he  assiased  eq^ivalent.  States 

that  the  properties  eshihited  hy  and 

aethods  used  for  studying  living 

organlsas  can  logically  he  applied 

to  the  study  of  syatsas.  Also  states 

that  cosponents  slallar  to  the 

nervous  systea  aust  he  built  into 

systeas,  synthetic  organlis,  so 

that  they  can  learn  as  do  their  living 

counterparts.  UHCLAffilFZID 


